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Development of a Unique Lightweight Paper 



In order to effectively counteract the 
lAcreasing trends la mailing costs- to 
reduce shipping costSj and to permit 
easier handling, a reliable, lightweight 
(40-50.. g/m*) xerographic sheet, per- 
forming well in offset and nmneographic 
. use as wdl, is needed. Further, the utiliza^ 
tion of. lightwei^t sh^ts to perform the 
functions of.heavie^. weight sheets of 
identical surface . ar^ seems to be. a 
logical step towar^ redudng the in- 
creasing pressure on Our .natuxal re- 
sources and easing our solid waste 
disposal problems. 

; FimctionaUy, the probl^ with eustiflig 
, sheets in the 40-50 g/m*, and even higher, 
•basis wdght ranges is that, .their rather 
tow stiffness levels, frequently combined 
with undesirable curl characteristics, do 
not permit sufficiently reliable perfor- 
mance in xerographic machines and 
•necessitate adjustments and slowdowns in 
the smaller- sheet-fed offset. presses. At a 
basis v^ci£^ of 75 g/m', the more con- 
ventional sheet, designed correctly, works 
well, so our task lay in imparting several 
key propertii of the conventional sheet 
.to one only slightly more than half* the 
weight. 

[ After considering and examining various 
appzipaches, toward hi^er StiSiie$$ levete, 
•work -.inyolvihg the addition of thermci- 
• plastic microspheres to the paper web 
Vwas inhiated; These thermoplastic micro- 
. spheres are copolymers of vinylidene 
cijoiride and .aciyloxutrile, whid), ' in- 
corporating isobutane as dn expanding or 
/"blowing" agent, expand the sheet' to a 
very light yet bulky structure. In their 
Tuiexpanded state, the mlqx>spheres have 
•a diameter of approximately 5-8 /i, 
while the' expanded diameter is aboiit 
.. 25-40 fi: Expansioii takes place ' at 
. dther 65 *C or 95 "C, depending' on the 
, type of sphere used. One type is an 
unblown dry powder for expansion in the 
paper web itsdf; while another is activated 
in a foam generator prior to additioo to 



Abstract: A unique, functional 47 g/m^ paper for use in xerographic, offset, and 
mimeograph equipment has been developed to commerdalizatioiL The paper has a 
bulk in the range of 75 g/m' bond and xcrogmphic sheets. This bulky, yet light struc- 
turt, is obtained by addicig small quantities of thermoplastic microspheres to ibe web 
at the paper machiiie fan pump, the spheres expanding Times in diameter in the 
machine dryer section. A coaling to provide the required stiffness, fnctional, fusing, 
and electrical properties is applied at the size press. All but very minimal calefidering 
has to be avoided. The paper is rotai7 cut and packaged in an automatic packa^ng 
machine. Dimensional and ream requirements eqiol to 75 g/m' xerographic sheets are 
being met in mOl operatidn. 

Keywords; Product development • Lightweight papers • Electrostatic copying • Sheets - 
Microsplieics* • Expansion • CompressibiliTy • Paper • Stiffness • Toocr fusing* • Rotary 
cutting* 
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the papcnnaking slurry. Our early work 
took place with ' the generator blown 
spheres because of the UQavoiiabilrty of 
the other version at that tixhe. In cither 
version, the Spheres are added, at the 
machine fan pump: These expanded 
spheres ih a paper web may be seen in 
Figs. 1-^3, wliich represent electron 
nncroscope inagnificatiotis ' of micro- 
sphere paper at lOOX, 500x, and lOdOX 
roajgnification^ respectively. 

EARLY- DEVELOPMB^ EFi=ORTS 
Am CONSIDERATIONS. . 

Our ■ .fust run, . using a pilot paper 
machine,.' pccuited early in 196?.. Im- 
portant considerations included the re* 
qnirem^nts for- .bj)timum performance 
in xerographic machines. Briefly stated, 
the^ involve a reasonably smooth sheet 
surface for a satisfactory level of toner 
fusing to paper, absence of searching 
tendencies, a high beam strength (stiShe^), 
a low ieyd of 'curl, good .surface strength, 
a controlled mpiitture conteat.level, con- 
trolled oonductivlty levd, and well con^ 
trolled sheet and ream dimensions, With a 
very minimum of finishing induced r^m 
defects. The lightweight paper had to 
meet all of the finishing re^^uiremeats of 
oiir 75 g/m* basis wei^i, xerographic 
grades. Additionally, it had to perform 
well in three diverse xerographic fusing 
systcms^cne with a radiant hcatef,. one 
with an oven-type heater, and' one with a 



Heated roll fuser. It had to work, in 
xerographic machines with vacuum feed 
and fiiction feed configurations, as weli-as 
in offset and mimeograph equipment. 

The first trials utilized a combioation 
hardwood sulfite-softwood kraft f uznish, 
with HO9 and day as fillers Md an. 
cibylated starch surface size. Micro* 
sphere addition' levels between 0 and 9% 
were tried. The iriitial trial showed that:- 

1. Very bulky Ughtweight sheets can be 
produced with the microspheres. 

2. The rdatively rough (ca-. 300 Shef- 
field) sheets fused much better than 
equivalent non-microsphere 300 Shef- 
fidd sheets, although not to' bur full 
satisfaction. • 

3. Calendering, except for very nominal 
levelsj had to be avoided as the nncro- 
spheres were crushed and the 'caliper 
increase lost. This is shown m Fig. 4. 

However, the paper exhibited at un- 
satisfactory level of curl, scorch, sphere 
dusting, and surface strength, a[s weiU as 
static and frictional problems. 



SHEET DESIGN AND DEVElOPMEhfT * 

Sheet design, and development work 
with a mill that had obtained the exclusive 
rights to microspheres for our and.'related 
applications- 'Was started in . inid^l969, 
with the small early runs again bringing 
to ligtit many Of the problems noted 
pj;eviously. The microsphere distribution 



Toppi I May 1972 Vol 55, No. 5 



769 



12/02/2002 18:48 FAI 8128244312 



Walte r Library 



@006 





Table I. Phyi^cal Data-^icro»phere 
Paper vs, 75 g/m» Basis Weight 
Xerographic/Offset Paper 

Beats 

Micro- yveight sheet 
sphere (Xerox 
paper 1524 paper) 



Fig. L Si^anded nicroopheres in p^pe^ 
web; 100 X magtiHcation. 



Fig, 3. Expanded micfespbeTes in p&per 
web; looox magnificatioii. 




Fig. 2. Expanded znicrofipheres in 'paper 
web ; 500 X magnificatibn. 

-vdtbin a sheet at a basiB wei£^t of about 
45 g/m» and a caliper, of 4-4,5 rail was not 
uniforzxL A higher concentracion was 
formed on the top than on the wire side, 
as sh wn in Figs. 5 and 6. Fusing in Our 
roll f oser niachines was questionable, the 
scorch levd was unacceptable, and the 
paper was not fimctianal because of a 
hi^. incidcnoc of double and muttl-sheet 
feeding and because of high curl leveb. 
Investisations revealed that the poor 
electrical and frictianal properties were 
largdy a result of. the predonunance of 
microspheres on the top side, where they ' 
were insufiBcxently covered by . the con< 
ventlooal surface sizing applications used. 
Additioiml work revealed the multi-sheet 
feeding problem to be largely caused by 
the electrostatic attraction between sheets 
'created in the stack by the feed rollers 
feeding^ or attempting to feed» paper. 
In addition, we' were' unable to cut the 
reams satisfactorily in guillotine cutting- 
specification tolerances wecc not met 
because .of the hisher compressibility of 
the sheet, and occasional edge padding 
was noted as welL In order to isolate 
sheet finishing variab]:^ from sheet 
design £3Ctors/a decision was made to 
rotary cut further runs. 

At the same time, a iaboiatory study 
was initiated, with active participation tqf 
the supplier, to develop a surfiice sizing 
formulation t veroome the problems 

' cited. Well over 50 combinati ns were 
investigated and their effects determined. 
Two formulations, incorporating a J^tex, 
a polymer binder, and othejr ingredients, 
were chosen for on machine applicatioo. 
MeanwMe, mill work to in^rove the 
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Basis weight, e/m* 
lb/17 X 22-500 
Caliper, mi) 
Density, gms/cc 
TaberV.5 stiffness, 
MD 
CO 

Stiffxiess index, CD 
Shield 
smoothness, WS 
FS' 

Opaciiy, %Huyecn 
Brightness. % IFC 
Ream moisnire 

content, % 
Gurley porosity, 

sec/100 cm* 
Tensile strength, 

lb/in., MD 

CD 

% Slretdi, MD 
CD 

Borne strength, psi 
Tear, gMD 
CD 

MTT fold, MD 
CD 

Wax pick. W 
F 

Coefficient of 
friction S/IC« 



47 

12.5 
4,25 
0.44 

1.20 
0.60 
1.25 

285 

270 
80.0 
83.2 

4.6 

32.0 

18.9 

10.6 
2.32 
6.07 

18.1 

31 

32 

in 

60 
18 
14 



75 

20.0 
4.20- 
0.71 

2.4S 
1.25 
1.03 

140 
135 

88.0 

83.0 

4.7 
18.0 

28.0 

13,0 . 
2.05 
3.00 

23.8 

-56 

70 • 
66 • 
25 
16 
14 
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MICROSPHERES IN SHEET, % 

Fig. 4. Effect ol calendering on caliper. 



microsphere addition system and to de- 
fine process variables was proceeding. 
During the next period, a switch was made 
to the interniaUy blown microspheres and 
the new.surface sizing refined. Hie result- 
ant sheet gave us definite indications of 
conunerdal success. We found the two- 
sidedncss notably reduced and the fric- 
tional characteristics to be in the '*nof- 
mal" range for xerographic paper (Table 
I), lousing was acceptable. The internally 
t^own spheres proved satisfactory for 
increasing, caliper. The curl level, while 
improved, was. still uhaccepiable in 
portions of the. runs, and the overall 
vanability was in excess of what we felt 
could be tolerated. 

FIh4AL DEVELOPMENT 
AND COMMEROALiZATlON 

The final development phase involved: 

1. A change to a larger paper machine 
for production capacity considerations, 
elimination of the Sporadic curl problems 
noted, and utilisation of the better ovemU 
system. 

2. The installation of a new rotary 



• S and K refer to the static and Idactic coeffi- 
cient of friction, respectively. Test run per A5TM 
D1894-63 (1963). American Standard 1C65 14- 
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cutter/automatic packaging line to finish*^ 
the sheet. 

Much effort was spent by the iniU. in ' 
several smaU runs to optimize the Sjnsteni. ^^'K:rf|^r' ' xer* 
and the paper machine. After operational 'i^A^ife^ ^ 
variables had been identified and- opti-' -jfi? .^:;J^'- / 
naized, the microsphere paper was found 
to be a very runnable sheet and no more 
diflacult to make than higber-weight . ' v^'' 
papers. Predictive testing methods .'to 
relate the sheet off the; machine tb its - kx' 
final use requirements were' detennined ' 
and in-null xerographic machine test pro-'* i-^t 
cedurcs established, 

The finishing line,, which recently went 
on stream, conaisis of a 5-pocket Xedox- , \ 
cut size shecter, feeding a Model 66. . ' 
Pemco wrapper. The rotary cutter has a *; 
4-roll hackstand, Utilising 45-iri- rolls' of 
approximately 800 lb on 5-in, cores. ■ 4.;. 
The' sheets are wound individually 
through bar-type curl breakers and^^en 
fed through a conventional Lenox slitting . 
and cutting'' system.* The reams arc 
wrai)pecl without stiffcneis in a nooisture . : 
barrier protective 30;lS-30 wax laminate -* 
Wrapper. Ream height of the 4.25-xnil ;.. 
sheet is around 2-2.2 in. Some modifica^ 
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Fig- S. MicroBpHBtes distnbutioii mtfaiii sheet on tbe mde. 




Microspheres distxibtitioii within pheet on the felt dde. 



tlons of the lotary cutter-packagiiig 
isachine tiaosfer station were xtxade to 
cliTniinate rough starts and stops causing 
ream interfaces and subsequent damage 
UL wrapping. The automatic packa^ng 
unit was tuned for this sheet and moisture 
barrier wrapper with hdp from the 
equipment suppliers. 

Care in han riling the microspheres 
ream is necessary throughout the entire 
• operation. The sheet can be. damaged 
more easily, and the damage can cause 
end use problems. The Bnishing of the 
paper at this point is quite satisfactory 
and very nearly equivalent to the levels 
of our 75 g/m' basis weight product^ despite 
the more critical nature of handling xhis 
sheet. 

CHARACTERISTIC OF THE 
•MICROSPHERE SHffT 

Tabic I shows the physical proper- 
ties of the microsphere paper^ compared 
.to one of our 75 g/m' ba^ weight 
xerograpliic sheets of nearly equal caliper. 
,Tbe density differences of the two sheets 
arfL^revealzng. . 

The Taber V-s stiffness instrument was 
fused for stifihcss measurements. The 
•Stiffness. Indesc,^ calculated from the 
Taber V-5 values, represents the inherent 
stiffness of the paper made by a specific 
.process and of a spedfic formulation. It 
Was found to be indicative of the stiffness - 
obtainable from a particular composition 
sheet for satis&ctoiy end use perfor* 
mance. 

The microsphere paper is considerably . 
rougher than the 75 5/m* basis weight 
Sheet, yet the fusing characterisrics of the 
two papers are very similar. We utilize 
several fusing tests. One of the more 
common ones iavolves the use of a Taber 
^brader equipped with a 375-g weight to 
abrade ^ speofic iittage, fixed at specific 
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^INITIAL AVERAGE CALIPER - 
MICROSPHERE SHEET 
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100 200 300 400 500 
•AVERAGE PRESSURE, pli 

Fig. 7. . Pemianeot caliper Iobq. 

conditions on the sheet, to a 20% image 
loss, as measured by a Welch Densichron 
unit, coiintiae the number of cycles to do 
•this. . 

Referring to Table I,,the two sheets have 
similar brightnesses, whereas the Opacity 
of the 47 g/m* basis weight sheet is- about 
8 units lower. Ream moisture contetit of 
the ligbtwei^t paper is lower, mainly for 
paper machine runi&bility reasons. 
' The cross-directional stretch values of 
the micictsphere paper should be noted, 
they are about twice that of the higher- 
weight paper. The, machine direction 
streicb values of the two sheets have shown 
about a 10% diflference. As a practical 
implication, somewhat lower stresses have 
to be put on the paper in the ^"^^^^'"g 
operatioir. While the spheres themselves 
have no.af&nity for cellulose and their 
addition usually weakens the. paper web 
to some' extent, it should be noted that the 
physical data for the microsphere paper 
by no means indicate a! weak sheet.' 
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Fig. 8. Fressm profile at 500 plL 



, Sheet compressibility and calendering 
were referred to earlier. Tests nin with 4 
papers — a matte coated opaque- printing, 
paper, a 75 g/m' basis weight xerographic 
paper, a newsprint sheet, and microsphere 
papec^ia a labomtoty&cture' determined 
the results at given- pressures.. This is 
Shown in Figure 7. . The microsphere 
paper showed a hiiiier caliper loss than 
any of the other sheets throughout the 
pressure range shown. i;t is interesting to 
note that the laboratory fixture had a very 
definite crown and pressure nonmxifor* 
mity across the nip, shown in Fig. 8, 
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